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Abstract: We provide a conceptual review of the research on assessment in technology-
enhanced collaborative inquiry in K-14 education, published between 1994 and 2013. The 57 
studies that satisfied our search criteria were coded using a framework that considered the 
nature of the assessment intervention, the purposes of the assessment intervention, and the 
role of technology in student learning. This allowed us to identify four types of assessment 
interventions. The findings indicated that only interventions in the immersion orientation 
seemed to help students learn how to learn. Such assessment practices enabled students to 
learn actively and to learn both disciplinary substance and metacognitive/regulative skills. 
However, relatively few studies clearly integrated assessment and learning. The main 
contributions of this study are the coding framework and the four patterns of assessment 
interventions. Together, they provide a new way of thinking about the design of practice. The 
review provides guidance for the shift of assessment practice to scaffold learning of this field. 
 
Keywords: assessment, learning, technology, collaborative inquiry, scaffolding 
Introduction 
In the last few decades, collaborative inquiry has emerged as an important research area in computer-supported 
collaborative learning (Stahl, 2002). Despite substantial development in learning theories, assessment, and the 
use of educational technology, it remains unclear whether assessment practices have changed in classrooms 
where educational technology is used to support collaborative inquiry. Theoretical developments suggest that 
assessment should be used to both measure students’ achievements and to scaffold future learning; furthermore, 
an increased emphasis on collaboration in learning requires assessment procedures that consider both individual 
and shared achievements (van Aalst, 2013). The role of students in assessment also continues to be neglected. 
Educational technologies often store large amounts of information about the learning process, which could be 
used to enhance learning. Thus, assessments that involve educational technology are of particular interest. The 
use of assessment data to improve learning is gaining some momentum in the policy discourse on education 
(Datnow & Park, 2014). 
Most reviews of the assessment literature have focused on higher education; relatively few have 
focused on assessment in K-14 education. At the same time, there is a lack of systematic empirical evidence on 
how assessment practices can be designed to guide learning. This study reviews the latest developments in 
assessment in technology-enhanced K-14 education, with a view to articulating an agenda for further research 
and development. The question that drove the review is How are assessment interventions designed to scaffold 
students’ learning? In this study, assessment refers to any evaluative practice that is “part of everyday practice 
by students, teachers and peers that seeks, reflects upon and responds to information from dialogue, 
demonstration and observation in ways that enhance ongoing learning” (cited in Klenowski, 2009, p. 268). The 
definition is used to distinguish this type of assessment practice from others that focus on measuring students’ 
academic achievement through standard tests, or final exams. 
In the following section, we present the method and procedures used in the literature review, followed 
by a detailed analysis of the reviewed studies. We then discuss the key issues and consider the implications of 
this study for assessment practice and further research. 
Methods 
Criteria for inclusion 
The following five criteria were established to select studies for inclusion in the analysis. (1) Empirical and 
peer-reviewed journal articles published in English between 1994 and 2013. Non-empirical literature, review 
articles, opinion articles, conference papers, dissertations, book chapters, and books were selected in the initial 
stages of the literature search to serve as sources of relevant research. However, they were not included in the 
final analysis. (2) Studies conducted in K-14 education, excluding medical education.  We chose K-14 rather 
than K-12 education because there is considerable variation in when postsecondary education starts. For 
example, the content of college courses can be similar to that in the final year of high school and many high 
schools offer university-level courses in the final year. (3) Studies that focused on educational and formative 
assessment practices. Studies that focused on assessment practices that facilitate and transform learning, rather 
than those used for measurement or educational evaluation purposes were included.(4) Studies that used 
technology to enhance student learning and assessment activities. We only included studies that involved 
technology in some part of the learning and assessment activities, such as providing information and feedback 
on performance, creating authentic learning contexts to increase learners’ engagement, creating opportunities 
for collaboration, reflection, and self-regulation, and providing advice before and during the assessment 
activities. (5) Studies that provided a clear description of the methodological characteristics necessary for our 
analysis. We only included articles with a clear description of the following variables: the definition of 
assessment, data source, sample sizes, treatment, research design, and outcome. If the outcomes were not 
sufficiently well defined or measured for us to assess the accuracy of the results, then the study was excluded. 
Search procedure 
The literature search was conducted in a three-step process. First, an exhaustive search of peer-reviewed 
journals was conducted using the EBSCOhost, ERIC, and PsycINFO databases. The following combinations of 
descriptors were used: formative assessment, self-assessment, peer-assessment, embedded and transformative 
assessment, and reflective assessment. This search retrieved 123 studies based on the examination of the titles. 
Second, to locate other relevant studies, an exhaustive search of the major journals that publish research in the 
learning sciences, specialize in assessment in education, and specialize in reviews of educational research 
studies was conducted. The literature search was conducted in learning sciences journals because this is an 
emerging interdisciplinary field that aims to improve formal and informal education by designing complex 
learning environments and studying how learning is accomplished in them.   
These two steps retrieved 250 studies. After applying the selection criteria to the titles, abstracts, and 
research designs of these 250 studies, 46 studies were retained. This significant reduction was due to the limited 
number of studies conducted in K-14 educational contexts and the extended use of the term formative 
assessment to refer to any kind of assessment adopted in the learning process. However, in most of these studies, 
assessment was only used summatively and students did not act as active agents who generated feedback, 
monitored their learning, and made further plans based on feedback/information to further transform their 
learning. In the third step of the literature search, ancestral and decadency searches were conducted by 
reviewing the references in the previously identified 46 articles and in relevant opinion and review articles to 
identify additional relevant research studies. An additional 11 studies that satisfied the inclusion criteria were 
identified at this stage, increasing the number of studies to 57. 
Emergence of a coding framework 
To determine how the design of assessment interventions can encourage guide (scaffold) learning and how 
scaffolds are used to make assessment practices work in a productive way, it was necessary to consider the 
detailed documentation of each study and to analyze the core characteristics of the assessments. A three-
dimensional framework was developed to capture the core characteristics and features of such practices. By core 
characteristics we mean the goal/purpose of an intervention, the processes and activities planned to realize the 
goal, the role of technology in the process and activities, and the evidence collected to demonstrate success in 
achieving the goal. The three-dimensional framework was determined on the basis of a preliminary analysis of 
an initial sample of the articles, followed by further refinement after the preliminary analysis was presented to 
our research team. 
The constant comparative method (Strauss, 1987; Strauss & Corbin, 1998) was used to create this 
coding framework. This is an iterative coding approach (Bogdan & Biklen, 1998; Miles & Huberman, 1994) 
that usually involves examining each individual article, forming various categories, comparing categories, and 
achieving category saturation. On the basis of this iterative process, three dimensions with subcategories were 
identified. The three dimensions were presented to our research team, and researchers with experience of coding 
provided feedback on the conceptual framework and the coding procedures. The conceptual framework for the 
review was reconceptualized and reframed accordingly, and the coding process went through a second iterative 
process. Finally, the following three dimensions with subcategories were identified: the nature of the assessment 
intervention, the purposes of the assessment intervention, and the role of technology in student learning (see 
Table 1). Each study received only one code in each of the three dimensions. 
 
Table 1: Coding categories and descriptions 
Nature of assessment intervention Description 
Culminating activity  One-time assessment activities that are connected or disconnected from 
curriculum or activities; the assessment requires student application of pre-
determined criteria or construction of assessment criteria to evaluate their 
own or other’s work after initial content instruction or after completing the 
whole or part of a scientific inquiry. 
Continuous assessment Assessment activities in which students improve their work based on 
continuous feedback or information from teachers, peers, technologies, or 
themselves. The feedback or information aims to narrow/close the gap 
between the present state and the desired goal (Bell & Cowie, 2001a). 
Dynamic assessment  Activities in which players (e.g., researcher and student) interact in a guided 
learning situation in which the more experienced participant selects, 
focuses, and provides feedback on an environmental experience in such a 
way as to create appropriate learning sets (Magnusson et al., 1997). 
Participants’ knowledge is assessed in the context of mediated learning 
situations that attempt to foster conceptual change in a specific domain. 
Intrinsic component of learning  Assessment activities are incorporated into a holistic learning and teaching 
framework, in which learners perform the assessment throughout the 
inquiry and learning process.  
Purpose  
Academic performance Assessment is used to facilitate content retention and learning, with content as 
a body of correct information. 
Disciplinary substance Assessment is used to assess and enhance students’ domain-specific ideas, 
thinking, and reasoning. 
Learning how to learn Assessment is used to scaffold students to develop self-regulative and 
metacognitive skills such as planning, monitoring, evaluation, and 
reflection. 
The role of technology  
Providing/facilitating assessment and 
feedback 
Offering regular and formative online tests, providing rapid and detailed 
feedback/prompts; supporting teachers/tutors to write assessments and 
feedback in a timely manner. 
Making learning/assessment 
activities/tasks authentic 
Providing an authentic context in which learning and assessment activities are 
performed; creating an assessment that is authentic to the concepts or 
competence being assessed or tested. 
Creating opportunities/spaces for 
group work 
Creating opportunities/space to facilitate collaboration and peer assessment; 
encouraging learners to stimulate and scaffold each other’s learning; a 
virtual learning community to enable learners to collaborate with each 
other. 
Providing information/ 
opportunities to encourage learner 
reflection/self-regulation 
Providing learners with information or opportunities that scaffold them to 
regulate their learning process toward an assessment goal, such as decoding 
the feedback message, internalising it, and evaluating and modifying their 
work with it; offering information or opportunities to help students develop 
reflective skills. 
Results 
Our review of the 57 studies indicated that assessment interventions were implemented in a variety of ways to 
support collaborative inquiry in technology-enhanced K-14 classrooms. The interventions ranged from those 
that used assessment as an added element of learning and aimed to improve academic performance by providing 
student feedback to those that emphasized assessment as an integral part of learning that helped students learn 
how to learn. Within this variation, four orientations were evident: interventions as an instrument to improve 
students’ academic performance (outcome), interventions to facilitate collaboration in learning processes 
(collaboration), interventions as an instrument to help students learn disciplinary substance (disciplinary 
substance), and interventions that immerse students in the inquiry process to help them learn how to learn 
(immersion) (See Appendix).  
Interventions to improve academic performance: Outcome-oriented  
In eight studies (14%), interventions were used to enhance students’ academic achievement. These interventions 
seemed to be guided by a tacit presumption that learning content consisted of a body of correct information, 
centered on terminology and measureable skills that was selected in advance as a learning objective. The 
interventions were used to narrow or close the gap between students’ present performance and some targeted 
outcome. Interventions in this orientation facilitated assessment activities through scaffolds such as assessment 
rubric, direct instruction, structuring the tasks, prompts, and assessment strategies. For example, Hume and 
Coll (2009) reported on students’ use of rubric-referenced assessment to rate peers’ work. These assessment 
rubrics, which had specific evaluating dimensions (e.g., format, timing, and reporting requirements) scaffolded 
students to quantitatively rate peers’ work. Similar directional scaffolds were provided by a Web-based 
assessment system (Wang, Wang, Wang, & Huang, 2006; Wang, 2007).  
Interventions often provided explicit instruction or working examples to foster students’ active 
involvement in assessment activities. In the study by Fontana and Fernandes (1994), direct instruction coupled 
with task structuring was used to facilitate students’ assessment activities. For instance, in regular self-
assessment activities, students were instructed to understand both the learning objectives and the assessment 
criteria, and were given opportunities to choose and use the learning tasks that provided them the scope to 
evaluate their learning outcomes. In Ozogul, Olina, and Sullivan (2006), working examples combined with 
assessment criteria were used to scaffold students’ lesson plan writing.  
Facilitating collaboration in assessment activities: Collaboration 
The second orientation, collaboration, helped students to develop collaborative skills or to facilitate productive 
collaboration in assessment activities (eight studies, 14%). The intention was markedly different from the 
previous orientation’s, and could be broadly described as focusing on collaboration rather than academic 
performance. One strategy used to scaffold student collaboration in peer assessment was reducing problems 
such as carelessness and favoritism. For instance, Lai and Lan (2006) described the “negotiated agreement” 
approach and the use of computer agents to minimize subjective judgments and unfair assessments. Kao (2013) 
reported the use of peer assessment with positive interdependence (PAPI) to engage students in productive 
collaboration. PAPI, which integrates the two approaches of positive interdependence and personal 
accountability into the assessment process, was designed to reduce or eliminate carelessness and favoritism in 
peer assessment and to improve the overall quality of peer reviews. 
Increasing peer interaction was another strategy used to support collaboration. Kwok and Ma (1999) 
applied an approach involving collaborative assessment in which GSS supported students and teachers’ 
collaborative construction of evaluating schemes. Lin and Lai (2013) used social network awareness (SNA) to 
promote the opportunities of peer interaction and collaboration. The social network awareness, visualized in the 
social network awareness for a formative assessments system (SNAFA) system, enabled students to seek peer 
online help and supported information sharing and co-construction of knowledge by keeping students aware of 
peers’ social and knowledge context. Roschelle et al. (2010) reported the use of group-level feedback coupled 
with worked examples of productive collaboration to promote students’ collaborative behavior, such as 
discussion, explanation, cooperative negotiation, and group-level evaluation and feedback, scaffolded by a 
software program.   
Interventions to facilitate disciplinary substance learning: Disciplinary substance 
Twenty-three (40%) interventions adopted the disciplinary substance orientation, which seemed to be guided by 
the notion that assessment involves genuine engagement with disciplinary ideas, thinking, and reasoning. These 
interventions engaged students in progressively constructing scientific theories (explanations) and/or developing 
disciplinary thinking and reasoning skills in investigative and collaborative contexts. They facilitated students’ 
engagement with ideas through scaffolds such as assessment rubric/assessment worksheets, prompts, creation of 
inquiry contexts/tasks, and structuring learning tasks/activity. 
Interventions that used scaffolds such as assessment rubrics, assessment worksheets, and assessment 
instruments were used to enhance students’ development of disciplinary ideas, thinking, and reasoning. For 
example, Lin, Hong, and Lee (2011) described the use of worked examples of scientific explanations, and a 
reflective peer assessment instrument containing six open-ended questions with competing theories, to support 
students’ collaborative argumentation and conceptual understanding. Similar interventions were reported in Li, 
Liu, and Steckelberg (2010) and Toth, Suthers, and Lesgold (2002). Creating inquiry context or tasks was 
another strategy used to support student learning. For example, Chin and Teou (2009) used concept cartoons to 
create an inquiry situation to encourage students to discuss, articulate, question, evaluate, and reflect on their 
own and their peers’ ideas, and to elicit their ideas, including misconceptions and argumentation, about the 
scientific concepts. Etkina et al. (2010) designed conceptual design tasks, supported by the Investigative 
Science Learning Environment, which integrated cognitive apprenticeship and ongoing assessment 
supplemented by reflection to help students develop their scientific abilities. Students used assessment rubrics to 
self-assess their inquiry process and guide their experimental design and report writing.   
Provision of working examples and prompts was a third strategy. For example, Woo, Chu, and Li 
(2013) used online writing prompts to guide students’ group writing. Treagust, Jacobowitz, Gallagher, and 
Parker (2001) engaged students in learning by asking them to respond to various questions during the activities. 
Structuring learning activities or tasks was a fourth strategy, used to direct students’ attention to disciplinary 
substance.  For instance, in Taasoobshirazi, Zuiker, Anderson, and Hickey (2006) and Anderson, Zuiker, 
Taasoobshirazi, and Hickey (2007), a four-step review routine was used to foster students’ understanding of 
astronomy and to develop their reasoning skills. The four-step review routine asked students to explain and 
compare each answer, reach an initial consensus, review the explanation of the answer, and then confirm the 
group’s understanding.  Students were encouraged to provide claims and use data to justify them. 
Immersion in inquiry process to help students learn how to learn: Immersion 
The final type of orientation (15 studies, 26%) used assessment to help students learn how to learn by improving 
their metacognitive/self-regulative awareness and their abilities to monitor, evaluate, reflect, and re-plan. In this 
orientation, assessment interventions were an intrinsic component of students’ inquiries; assessment was 
embedded in the inquiry process and further transformed their learning. Interventions in this orientation 
facilitated assessment activities using scaffolds such as assessment rubrics/principles/forms, models/examples, 
and prompts. 
The interventions that used assessment rubrics, assessment principles, and assessment forms were 
designed to help students learn how to learn. In a series of studies, Chang (2008) and Chang and Tseng (2009, 
2011) reported on the use of assessment forms embedded in a Web-portfolio system to foster students’ 
metacognitive activities, such as self-/peer-assessment and reflection. The Web-based portfolio assessment 
system itself provided students with a metacognitive model that fostered their engagement in a series of 
metacognitive activities, such as setting learning goals, writing reflections, creating their own portfolios, 
viewing and emulating peer projects, conducting self-/peer assessment, providing feedback, and continuously 
improving their work. In another series of studies, Lee, Chan, and van Aalst (2006) and van Aalst and Chan 
(2007) described the use of a set of principles combined with e-portfolios to help students learn how to learn. 
These principles worked both as a conceptual framework to scaffold students’ inquiry, and as assessment 
criteria to guide their reflections on the quality of their work in preparing and reflecting on the e-portfolios. 
Through assessment, the students monitored, evaluated, and re-planned their inquiry processes and products. 
The provision of metacognitive models/working examples was another strategy used to help students 
learn how to learn. For example, Kostons, van Gog, and Paas (2012) used modeling examples to help students 
acquire self-assessment and task selection skills and further used the obtained skills to support students’ self-
regulated learning. White and Frederiksen (1998) used a metacognitive model of research (the Inquiry Cycle) 
and a metacognitive process (reflective assessment) in a computer-supported curriculum to engage middle 
school students in learning about and reflecting on their inquiry process as they constructed and applied 
increasingly complex causal models of force and motion. Prompts were a third strategy for engaging students in 
learning how to learn. For instance, Wang (2011) described the use of five strategies (adding answer notes, 
stating confidence, reading peer answer notes, recommending peer answer notes, and querying peers’ 
recommendations on personal answer notes) provided by a peer assessment system to help students foster self-
regulated awareness and skills.  
The assessment orientations were derived from the nature of the interventions. The outcome orientation 
emphasized the improvement of students’ academic performance, as the assessment interventions were used as 
instruments to narrow or close the gap between actual results and expected goals. The collaboration orientation 
tended to foster productive collaboration in assessment activities and to help students develop collaborative 
capacity. The disciplinary substance orientation engaged students in the development of disciplinary substance 
in collaborative and investigative environments that mediated their learning. The immersion orientation 
included assessment activities that facilitated students’ development of metacognitive/self-regulative awareness 
and skills for learning how to learn such as monitoring, evaluation, reflection, and re-planning. Three studies 
(5%) could not clearly be grouped into any of the four orientations. 
Discussion and conclusions 
This review explored how assessment practices in K-14 education are currently used to scaffold students’ 
learning, with a view to articulating an agenda for research and development. We reviewed technology-
enhanced, cognitively oriented research on assessment in K-14 classrooms published between 1994 and 2013. 
The selected articles were coded using a three-dimensional coding framework that considered the nature of the 
assessment intervention, the purposes of the assessment intervention, and the role of technology in student 
learning. This framework was developed to capture the characteristics of the assessment interventions, and to 
provide data for further analysis of how assessment interventions scaffolded student learning and which 
strategies made assessment activities work to scaffold learning. 
Documenting the core characteristics of each intervention in this way clarified how the outcome of 
each study was determined by its overall design rather than by a single core characteristic. The documented 
characteristics also revealed how scaffolds, strategies, and methods were used to make a particular assessment 
practice work in a productive way in each study. This method differed from that of previous reviews (e.g., Black 
and William, 1998), which reported either the results or the effect size of the assessment interventions, with 
little description of the assessment processes or assessment activities that the students were involved in. 
Furthermore, most of the previous reviews focused on higher education, whereas this review focused on the K-
14 educational context, which has received little attention. In addition, previous reviews of the literature have 
generally focused on interventions in which teachers played a central role in initiating assessment tasks and 
providing feedback. However, this review analyzed a body of research dealing with assessment practices in 
which students, with technological support, assessed (through peer- or self-assessment), managed, evaluated, 
monitored, and reflected on their own collaborative inquiry.   
The review found that assessment interventions ranged from those that used assessment to provide 
feedback that could improve academic performance to those that helped students learn how to learn using an 
inquiry process focused on learning disciplinary substance; others used technology to provide information or 
feedback and some integrated technology into the inquiry process. All of the interventions to some extent 
scaffolded students’ learning. However, only interventions in the immersion orientation seemed to fully help 
students to learn how to learn. This approach seems the most promising for facilitating students’ agency in the 
inquiry process and to further transform their learning. The review also found that requiring students to monitor, 
evaluate, and reflect on their progress in light of criteria and principles related to learning goals had positive 
effects on their ability to learn actively, and to learn both disciplinary substance and metacognitive/regulative 
skills. However, not many assessment interventions engaged students in metacognitive activities. 
The review should facilitate further research on the use of assessment to scaffold students’ learning. 
The findings provide evidence suggesting that some promising features (e.g., students’ engagement in 
metacognitive activities in assessment practice) contribute to both students’ disciplinary substance learning and 
learning how to learn. However, the limited assessment designs and findings may not be sufficient for 
researchers and teachers to design strong and successful assessment activities to scaffold students’ learning. We 
hope that more educational researchers will work toward this goal. 
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